INTRODUCTION {#sec1-1}
============

*Croton palanostigma*, scientific synonym *Croton benthamianus*\[[@ref1][@ref2]\] is a medium-sized tree, which is native to the north region of Brazil\[[@ref3]\] and another parts of the amazon region like the Peru. This specie is known as a "balsa-rana," "marmeleiro or mameleiro" and "sangre de grado."

Cordatin and aparisthman were isolated of *C. palanostigma*.\[[@ref4][@ref5][@ref6]\] Other diterpenes, triterpenes, steroids, aromatic derivatives, lignan, and cromone were isolated too.\[[@ref6]\] Aparisthman and cordatin have been shown a considerable antiulcerogenic activity,\[[@ref7][@ref8]\] but the antimicrobial properties of the extracts and these diterpenes remain unknown.

In this study, we are reporting the *in vitro* evaluation of antimicrobial, antiplasmodial and antileishmanial activities of the extracts and diterpenes from *C. palanostigma*.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

Leaves and bark of *C. palanostigma* were collected at Terra Alta, State of Pará, Brazil. The plant was identified by Dr. Ricardo de Souza Seco from Botanic Department of the Museu Paraense Emílio Goeldi. The voucher specimen was deposited (MG n°182.822).

Extract preparation and isolation of the diterpene {#sec2-2}
--------------------------------------------------

Leaves and bark of *C. palanostigma* were dried at room temperature for 7 days. After that, the dried material was powdered (bark: 10 kg; leaves: 590 g) and extracted by percolation with dichloromethane and methanol successively. The resultant solutions were concentrated in a rotary evaporator in order to obtain the dichloromethane and methanol extracts.\[[@ref9]\]

The bark dichloromethane extract (BDE) and bark methanol extract (BME) were chromatographed on a silica gel column eluted with solvents of increasing polarity. Aparisthman and cordatin were crystallized and separated by filtration \[[Figure 1](#F1){ref-type="fig"}\]. All the process was monitored by thin layer chromatograph using aparisthman and cordatin standards and identified by hydrogen-1 and Carbon-13 nuclear magnetic resonance (NMR) data.\[[@ref9]\]

![Obtention of organic rough extracts, chromatographic fractionation of dichloromethane stem bark extract and methanol stem bark extract of *Croton palanostigma*. S1: Aparisthman; S2: Cordatin](PM-12-96-g001){#F1}

Our research group has published several papers describing studies and structural identification of aparisthman and cordatin involving analysis of NMR, infrared and mass spectrometry.\[[@ref4][@ref5][@ref10][@ref11][@ref12]\]

Microbial strains {#sec2-3}
-----------------

The bacterial and fungal strains used in this study were the American Type Culture Collection (ATCC) of *Staphylococcus aureus* (ATCC 29213); *Escherichia coli* (ATCC 25922); *Pseudomonas aeruginosa* (ATCC 25853) and *Candida albicans* (ATCC 40175).

Agar disk diffusion {#sec2-4}
-------------------

Three or four isolated colonies of each microorganism were taken and diluted in Muller-Hinton broth and the suspensions were adjusted to 0, 5 of Mac-Farland scale (∼10^8^ for bacteria and ∼10^6^ for fungi colony forming unit/mL).\[[@ref13]\]

Each microorganism suspension was spread in plates, in triplicate. After that, the filter paper disks (Watman-type 3) were impregnate with 10 µL of the extracts and diterpenes (500 µg/disk). The plates were incubated for 24 h for bacteria and 48 h for fungus. The result was considered active or inactive by the presence or absence of clear zones around the disks.

Minimum bactericidal concentration {#sec2-5}
----------------------------------

The active extracts or diterpenes in the disk diffusion test were tested through broth microdilution technique.\[[@ref14][@ref15]\] All the experiments were carried out in triplicate.

An aliquot of 10 µL of the extracts or diterpenes (1000, 500, 250, 125, 62.5 e 31.25 µg/L/well) and 10 µL of the microorganism suspension were added in 180 µL Mueller-Hinton agar. As positive controls, gentamicin and nystatin were used in the same concentrations of the extracts and diterpenes. The plates were incubated during 24 h.

To determine the minimum bactericidal concentration (MBC) and minimum fungicidal concentration (MFC), subcultures of the 96 well plates test were carried out taken an aliquot of 10 µL of each concentration and the control, which were spread using a disposable loop on the surface of Muller-Hinton agar plates contained on Petri plates 90 × 15. The plates were incubated during 24 and 48 h for bacteria and fungus, respectively. After the incubation, it was verified the lowest concentration of the extracts or diterpenes witch had totally inhibited the growth of the microorganisms tested.

Parasite strain and antiplasmodial assay {#sec2-6}
----------------------------------------

The strain used in this study was the W2 clone of *Plasmodium falciparum*. The parasite strains were cultured continuously in human erythrocytes suspended in RPMI 1640 supplemented with 10% human serum.\[[@ref16]\] The antiplasmodial assay was performed in 96-well tissue culture plates as described by Rieckman *et al*. (1980)\[[@ref17]\] modificated by Carvalho *et al*. (1991).\[[@ref18]\] Two fold serial dilutions of test samples dissolved in concentrations of 100; 50; 25; 12.5; 6.25; 3.125; 1.5625 μg/mL. A suspension of parasitized erythrocytes (0.5--1% parasitemia, 2.5% hematocrit) containing mainly trophozoites was added to the wells to give a final volume of 100 µl. Quinine was used as positive control and negative control (parasitized erythrocytes).

The plates were incubated at 37°C and after 24 and 72 h the medium was replaced by fresh medium with or without test samples. Samples were taken 24 and 72 h later, smeared, Giemsa stained and microscopically examined to determine the percentage of parasitemia. The results were expressed as the mean IC~50~ of three independent experiments for each sample.

For the evaluation of antiplasmodial activity it was adopted the following criteria in accordance with the range of the IC~50~:IC~50~ \<10~.~0 µg/mL-actives; IC~50~ among 10 a 100 µg/mL-moderately actives and IC~50~\>100 µg/mL-inactive.\[[@ref19]\]

Antipromastigotes activity of *Leishmania amazonensis* {#sec2-7}
------------------------------------------------------

Field isolates from mucocutaneous leishmaniasis (MCL, *Leishmania amazonensis* MHOM/BR/2009/M26361) were obtained from the Instituto Evandro Chagas, Ananindeua, Brazil.

The promastigote cryostailates were obtained after primary isolation on NNN blood slopes. After the strains were thawed, they were subcultured and after adapted to RPMI consisting of at least three additional passages. In total, about four passages were generally performed before the *in vitro* susceptibility testing was performed.

The MCL were cultivated at 26°C in RPMI 1640 medium supplemented with 10% heat-inactivated fetal bovine serum (Gibco, Grand Island, NY, USA), penicillin (100 U/mL) and streptomycin (100 μg/mL). Culture in logaritme phase promastigote forms were counted in a New Bauer chamber the number was adjusted to 5 × 10^7^ parasites/100 µL. The determination of the susceptibility testing was performed in 96-well plates. The extracts were tested in triplicate in a concentration gradient from 200 μg/mL to 3.125 μg/mL. A negative control was performed with three wells containing only parasites and the incubation medium. The positive control was made with amphotericin B (25--0.3906 μg/mL). After 24 h of incubation at 26°C, each well was addicted 10 μL of the tetrazolium salt (5 mg/mL), and the parasites were quantified in enzyme-linked immunosorbent-assay plate reader.

The data obtained from this quantification were plotted in a graph using Graph Pad Prism version 5.04 (Confidence interval: 95% and significance level: 0,05). It was used the non-parametric method of Kruskal-Wallis, with multiple comparison of Dunn\'s and the IC50 was extrapolated from the graph as the concentration of the products that inhibited the parasitic growth at 50% of the values of the negative control.

The *in vitro* results of antipromastigote activity of the extract were classified as follows: When the IC~50~ or MIC was 100 μg/mL or less, the antipromastigote activity was considered active, when the IC~50~ or MIC was 101--200 μg/mL the antipromastigote activity was considered moderate active, when the IC~5~ or MICwas over 200 μg/mL the extracts were considered to be inactive.

RESULTS {#sec1-3}
=======

Antibacterial and antifungal activities {#sec2-8}
---------------------------------------

In the evaluation of antimicrobial activity on disk diffusion assay, the BME did not show activity against any microorganism tested. The BDE did not inhibit the growth of *S. aureus*, *E. coli*, and *C. albicans*, but showed activity against *P. aeruginosa*. The leaves methanol extract (LME) was not active against *S. aureus*, *E. coli*, and *C. albicans*, but it showed activity against *P. aeruginosa* \[[Table 1](#T1){ref-type="table"}\].

###### 

Previous evaluation of antimicrobial activity of *Croton palanostigma*

![](PM-12-96-g002)

Aparisthman was not active against *S. aureus*, *E. coli*, and *P. aeruginosa*. but it presented activity for *C. albicans*. Cordatin did not inhibit the growth of any tested microorganism \[[Table 1](#T1){ref-type="table"}\].

In the determination of the MBC for the BME and LME, active in the disk diffusion assay against *P. aeruginosa*, they did not inhibit the bacterial growth in any tested concentration. The number of colonies found on the plates of the two extracts was similar to the ones found in the negative controls of the inoculum and inoculum + dimethyl sulfoxide (DMSO).

In the determination of the MFC for aparisthman, active for *C. albicans* in the disk diffusion assay, it did not inhibit the fungal growth in any tested concentration. The number of fungal colonies found on the plates was similar to the ones found in the negative controls of the inoculum and inoculum + DMSO.

Antileishmanial and antiplasmodial activities {#sec2-9}
---------------------------------------------

The BDE, BME, and LME did not inhibit the promastigote growth after 24 h of exposition in any tested concentration. The IC~50~ was higher than 200 µg/mL, and considered inactive \[[Table 2](#T2){ref-type="table"}\].

###### 

Antileishmanial activity of extracts of *Croton palanostigma*

![](PM-12-96-g003)

The BDE and BME after 24 h and 72 h of exposition did not inhibited the parasitic growth in any tested concentration and we observed the presence of schizonts (IC~50~ \> 100 µg/mL; [Table 3](#T3){ref-type="table"}).

###### 

Medium inibitory concentration of the extracts and diterpenes

![](PM-12-96-g004)

The LME did not inhibit the parasitic growth after 24 h of exposition in any tested concentration. After 72 h it was observed inhibition of parasitic growth. The IC~50~ values obtained for this extract in 72 h were 36.37 + 3.73 µg/mL \[[Table 3](#T3){ref-type="table"}\].

Aparisthman did not reduce the parasitemy after 24 of exposition in any tested concentration. However, it inhibited the parasitic growth after 72 h with an inhibition rate of 71.78% only in the concentration of 100 µg/mL. Cordatin did not inhibit the parasite growth in any time and tested concentrations \[[Table 3](#T3){ref-type="table"}\].

In the positive control of quinine it was observed inhibition of parasitic growth in all the tested concentrations, even though the exposition time did not interfere significantly in the inhibition of the parasitic growth (*P* \> 0.05). In the lower concentration tested, the inhibition rate was 71% after 24 h and 75% after 72 h of exposition \[[Table 3](#T3){ref-type="table"}\]. The IC~50~ value for quinine was not calculated due to its high inhibition rate.

DISCUSSION {#sec1-4}
==========

In our study, the BME of *C. palanostigma* did not show activity on the disk diffusion assay against any tested microorganism. However, the steam BME of *C. zambesicus* had been showed a wide spectrum activity against bacterial and fungal strains (\>300 mg/mL). The results are suggesting that BME of *Croton* species has pharmacological potential against bacteria and fungus.\[[@ref20]\]

The BDE showed activity against *P. aeruginosa* on the disk diffusion assay. The BME and cordatin were inactive against *P. aeruginosa* (MBC \> 1.000 mg/L). The BDE of *C. urucurana* was active for this pathogen. This extract also presented activity against other bacterial strains like *S. aureus* and *S. epidermidis*.\[[@ref21]\] It is noteworthy that these species may contain different diterpenes.

Aparisthman showed activity for *C. albicans* in the disk diffusion assay, but cordatin was inactive. The results obtained for aparisthman corroborate with previous studies about diterpenes, which evaluated three novel clerodane diterpenes from *Casearia sylvestris*, whose were actives against *Aspergillus niger*.\[[@ref22]\]

Some diterpenes proved to be active in promastigote and amastigote forms of Leishmania.\[[@ref23]\] Rich in diterpenes extracts were inactive on the promastigote form.

Some substances are inactive in promastigote and amastigote inactive. Other times, the sample is inactive in *L. amazonensis* and active in other Leishmania. Hence, if I suggested that these extracts are tested.

*Croton* species have considerable antiplasmodial activity such *in vitro*\[[@ref24][@ref25]\] as *in vivo*\[[@ref26]\] and from them were isolated diterpenes with high pharmacological potential.\[[@ref24][@ref25][@ref27]\]

The BDE and BME were not active against *P. falciparum* at any tested concentration \[[Table 3](#T3){ref-type="table"}\]. Some extracts obtained from plants were inactive or presented moderate activity on chloroquine resistant clone of *P. falciparum* (W~2~), but when evaluated on sensitive clone of *P. falciparum* (3D7) the activity profile was better.\[[@ref19]\] Nowadays the most infections caused by *P. falciparum* are chloroquine resistant\[[@ref28][@ref29]\] and because of that we had chosen chloroquine resistant clone W2 of *P. falciparum* to evaluate the antiplasmodial potential.

The LME presented moderate antiplasmodial activity after 72 h (IC~50~ = 36.37 + 3.73 µg/mL); then the antiplasmodial effect was time dependent. This activity can be amplified if this extract is submitted to the fractionalization and Obtention of pure substances. This fact was shown for the bark ethanol extract of *Aspidosperma parvifolium*.\[[@ref19]\]

The results obtained for the LME show that it was less active when compared with the methanol extract (tannins free) and methylene chlorhydrate of *C. lobatus*, which presented very good antiplasmodial activity on 3d7 and K1 clones with IC~50~ values varying between 0.38 and 6.56 µg/mL, been the methanol extract (tannins free) of aerial parts the most active (IC~50~ = 0.38 µg/mL).\[[@ref30]\]

The differences among the antiplasmodial responses of the LME of *C. palanostigma* and *C. lobatus* can be explained partially in function of their chemical compounds. From bark and leaves of *C. lobatus* were isolated different class of terpenes\[[@ref27]\] and from the bark of *C. palanostigma* were isolated diterpenes, triterpenes, lignan, steroids. Furthermore, the LME was not fractionalized.\[[@ref6][@ref9]\]

As the diterpene cordatin did not inhibit the parasitic growth at any tested concentrations and exposition times, it was considered inactive. Whereas aparisthman presented inhibition of parasitic growth in 71.78%, after 72 h of exposition, only in the concentration of 100 µg/mL, then the absence of activity in the lowest concentrations did not allowed us to determine the CI~50~ value for this diterpene. Other clerodane diterpenes showed inhibition effects in *P. falciparum* chloroquine sensible clone (F-32) and chloroquine resistant clone (FcB1).\[[@ref31]\] These data reinforce the idea that this class of diterpenes are promising as antimalarial chemotherapy.

CONCLUSION {#sec1-5}
==========

Summarizing, we can conclude that the BME and cordatin do not present antibacterial and antifungal activity. The bark dichloromethane and LME of *C. palanostigma* did not inhibit the bacterial growth and probably have a bacteriostatic effect against *P. aeruginosa*. The activity of the BDE for *P. aeruginosa* is probably related with other constituents and not with aparisthman and cordatin. Aparisthman probably have fungistatic effect against *C. albicans*. The BME and BDE and cordatin does not have antiplasmodial activity against chloroquine resistant *P. falciparum*. The LME presented moderate antiplasmodial activity and needs to be fractionated in order to isolate the possible actives compounds. Once aparisthman showed weak activity, maybe it does not have antimalarial potential. No sample inhibited the growth of *L. amazonensis* promastigote forms.
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